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 無向グラフ G = (V, E) 上の頂点集合 V の分割 (S, A, B) で，|A| ≤
2
3








ラフ上で良いセパレータを高速に求めることを目的として，計算時間が O(|V| log |𝑉|) の乱択
アルゴリズムを提案する．この乱択アルゴリズムは単位円の集合を直線によって分割すること





の Jordan曲線の交差数が有界ならばセパレータのサイズが O(√|𝐸|) のセパレータを 
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????? G = (V; E)?????? V ??? (S ; A; B)??jAj  23 jV j?? jBj  23 jV j?
????A ? B ????????????? S ???? G ????????????
????????????????????????? S ?????????????
? A? B???????????????????????????????????
?? S ???????????????????????????????? V ???
(S ; A; B)????????????????????????????????????
???????????????? NP ?? [5] [6] ????????????????
NP?? [7]?????????????
???????????????????? Ungar [8] ????????????
Ungar?????????????????????????????????????
???????????????? O
















????????????????????? Jordan ?? (Jordan curve) ?????
??????????Jordan ??????????????????????????
? Jordan ????????? Jordan ??????????????????????
O(
pjEj)??????? O(jV j + jEj)??????????????????? [12]??
????????????????? O(jV j log jV j) ????????????????
????????
?????????? k-ply neighborhood system?????????? [13] [14]??
??d???? k-ply neighborhood system???????????? k???? (ball)?
????????????????Miller? [14]??????d??? k-ply neighborhood





? O(k1=dn1 1=d) ?????? O(j j) ???????????????????????
?????????????? d + 1???????????????????????
????????????????? 2??????????????????????
??? d = 2?? jEj  jV j   1???????k ??????????????????
????????? jEj  k(k 1)2 ????????????????? 2???????
?????????????????jAj; jBj  34n??????????? jS j? O(jEj3=4)


















???? V ? V ???? 2???????? E  2V ???? G = (V; E)?????
???? (undirected graph) [15]?????????????????????????
?????V ??????E ???????????V ???????E ???????
??V ? E ?????????????? jV j?jEj??????
??????????????
 V = f1; 2; 3; 4; 5; 6; 7; 8g,
 E = ff1; 2g; f1; 3g; f1; 4g; f2; 3g; f2; 4g; f2; 6g; f3; 4g; f3; 5g; f5; 6g; f7; 8gg
??????(V; E)??????????? (V; E)???????? 1????????










? 1 ??? (V; E)?????
??? G = (V; E)???????? G0 = (V 0; E0)? V 0  V ?? E0  E ??????
G0 ? G?????? (subgraph)????????? 1???? G = (V; E)??????
?? G0 = (V 0; E0)??
 V 0 = f2; 3; 4; 7g,
 E0 = ff2; 3g; f2; 4g; f3; 4gg,
4








? 2 ??? G0 = (V 0; E0)?????
???G = (V; E)?????????? U  V ??????????????????
U ????? ffu; vg 2 E j u; v 2 Ug????????????????????????
???? (induced subgraph)????G[U]??????????? 1????G = (V; E)
??????????? U = f1; 2; 3; 6; 7g?????????? G[U] = (V 00; E00)??
 V 00 = U,









? 3 ??? G[U] = (V 00; E00)?????
??? P = (V; E)??
 V = fv1; v2;    ; vng,
5
 E = ffvi; vi+1g j i 2 f1; 2;    ; n   1gg,
????? P?? (path)????
?? 2??????????????????????? (complete graph)?????
?? n??????? Kn ????
??? G = (V1 [ V2; E)??V1 \ V2 = ;????? 2?? v1 2 V1 ? v2 2 V2 ????
??????? G ?????? 2???? (complete bipartite graph)????KjV1 j;jV2 j ?
???? 4???? 6?? P???? 5?????? K5 ??? 2???? K3;3 ???
???
P K5 K3,3
? 4 ? P? K5 ? K3;3 ?????
??? G = (V; E)???????????? 2?? u; v 2 V ?????u?? v???
???????????????????????????????G????????
???? G ?????????? 4?? P?????? K5 ????????????
???? 1???? G???????????????2??????????????
?????? G[f1; 2; 3; 4; 5; 6g]? G[f7; 8g]????






???3 ???? fu; vg ????????? u; v ??????????? w ?????




?? 2.1?Kuratowski-Wagner???? ??? G ????????????????
? G? K5 ? K3;3 ??????????????????
2.2 ??????
????? 2?????????? R2 ?????? pi 2 R2 ? x??? y?????
?? xi ? yi ????? p1; p2 2 R2 ??? d(p1; p2)?
d(p1; p2) =
q
(x1   x2)2 + (y1   y2)2
????
???????? 1???????????????? c? c???????????
??????????????




vi j vi???? ci 2 C ???	 ;
E =
n
fvi; v jg j vi; v j???????????? ci; c j???? d(ci; c j)  1
o
:
??????????? G = (V; E) ????????????????????? C
???????????????????? v 2 V ???????????? c????
? v? c???????????? 5?????????????
the set of unit disk C Unit Disk Graph G = (V,E)





(S ; A; B) ????? V ?????????V = S [ A [ B ?? S \ A = ;; S \ B =
;; A \ B = ;?????????????????????????????????
?? 2.2???????????? ????? G = (V; E)????????? (S ; A; B)
?????????S ???? G?????? (separator)????
jAj  2
3
jV j; jBj  2
3
jV j: (S0)
????? va 2 A? vb 2 B?????fva; vbg < E: (S1)
?? 2.2? G[A]? G[B]????????????
??????????
? V =f1; 2; 3; 4; 5; 6; 7; 8; 9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21g;
? E =ff1; 4g; f2; 4g; f3; 4g; f4; 5g; f4; 6g; f4; 7g; f8; 11g; f8; 12g; f8; 13g; f9; 11g;
f9; 12g; f9; 13g; f10; 11g; f10; 12g; f10; 13g; f12; 15g; f15; 17g; f16; 17g;
f17; 18g; f18; 19g; f18; 20g; f19; 20g; f19; 21g; f20; 21gg;


















 S = f4; 15; 17g,
 A = f1; 2; 5; 14; 18; 19; 20; 21g,
 B = f3; 6; 7; 8; 9; 10; 11; 12; 13; 16g,
??????? (S ; A; B)??? (S0)? (S1)?????
(S1)???????? A? B???????? 2=3???????????????
????? 2=3?????????  2 (1=2; 1)??????????????????
???????? 1=2?????????????????????????????
[16]?
???????????????????????? 1????????? Kn ???
???????????? d 13ne????????????? x?????dxe? x???
????????????????????????????????????????







?????? G = (V; E) ???????????? l ???????? V ???
(S ; A; B)???????? S ????????????3.2?????????????
????????????????
?? 3.1?????????????????????? ?????? G = (V; E)??
???? l??????? V ??? (S ; A; B)???????????
 S = fvi 2 V j ci??? l????? g .
 A = fvi 2 V j ci??? l?????????????? g .
 B = V n (S [ A) .
??????????????????????????????????? 2???








???????? B???????????????????? S ?????????
???? jS j = 3; jAj = 7; jBj = 8?????? (S0)? jAj; jBj  23  18?????????
?? A? B???????????????????????? (S1)????????
??????? 7? S ?????????????
??????????????????????????????????????
?? 3.1 ?????????G = (V; E)????????????? (S1)??????
????? (S ; A; B)????
????????  2 [0; )?????? (S0)?????? ?????????
?? ????????? G = (V; E)?????? l?????2??????????
??????????????????????? 3.1 ???????? (S ; A; B) ? V
???????
???V ? l????? (S ; A; B)???????? va 2 A? vb 2 B????????
?????????????d(va; vb) > 1:0?????????
?? l??? vavb ????? p?va ???? l???????????? pa?vb ??







? 8 ?? l? va; vb; p; pa; pb ?????





d(va; pa)2 + d(pa; p)2 +
q






= d(va; pa) + d(vb; pb)
> 1:0
??? va ? vb ???????????????? va ? vb ???????????
?????????  2 [0; )??????? ??? l??????l???????
V ??? (S ; A; B)??jAj  23 jV j?jBj  23 jV j?????????????????
?????  2 [0; )?????
?????????????? V ??? l1 ????? (S 1; A1; B1)? jA1j > 23 jV j ??
?????????
???l1 ??????????????? l1 ????? l2 ???? l2 ???????










? 9 ?? l1 ? l2 ???
?????l2 ? l1 ?????????jA1j > 23 jV j??????l2 ?????? B2 ??
???????? 1?????????????????? V 0 ????V 0 ???? l2 ?
????????V 0  S 2 ????jA2j + jV 0j > 23 jV j????
12
??????
jB2j = jV j   jA2j   jS 2j
< jV j   2
3













? 4, 5 ???????????????????????????????????
????????????????? jEj?????????????????????













Input: ?????? G = (V; E)
Output: ???? V ??? (S ; A; B)
1: (S ; A; B)  (;; ;; ;)
2: G????? C = fc1; c2;    ; ckg?????i??????? ci ????? ni ?????
3: if ni > 23 jV j??????? ci ????? then
4: ci ????????????? ci ???????? (S 0; A0; B0)????
5: G[A0]????? CA0 ????
6: G[B0]????? CB0 ????
7: S  S 0
8: C  C n fcig [CA0 [CB0
9: end if
10: C ???????????????????????
ni ?????? c1; c2; : : : ; ck ????
11: idx  1
12: while jAj + nidx  23 jV j do
13: A  A [ V(cidx)
14: idx  idx + 1
15: end while
16: B  B [ V(cidx) [ V(cidx+1) [ : : :V(cjCj)
17: return (S ; A; B)
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Algorithm 1???? (S ; A; B)??????????????????????
?? 3.2 ????????? G = (V; E)?????Algorithm 1???? (S ; A; B)??
??? V ?????? (S0)?(S1)?????
?? Algorithm 1 ?? (S ; A; B) ????? V ???????13 ??? 16 ???? A
? B?????????????????????? A? B????????????
?????jAj  23 jV j?? jBj  23 jV j???????????
????10??? C ???????? ci ???? ni  23 jV j?????????
3??????????????????????????????????????
ni > 23 jV j??????? ci????????????????ni > 23 jV j??
Pk
j=1 n j = jV j
????????????????????????
4 ???? jA0j  23ni ?? jB0j  23ni ??????ni  jV j ??? CA0 ? CB0 ????
????? 23 jV j ????????????C ???????? ci ???? ni  23 jV j ?
???
12???? jAj  23 jV j????????jBj  23 jV j?????????
Algorithm 1???? idx??? idx’????12???? jAj + nidx’ > 23 jV j?????
???
jBj   nidx’ = jV j   (jAj + nidx’) < jV j3
????
??? j (idx’ < j  jCj) ?????10 ???? C ???????????????
?????????????nidx’  n j ???????c j ?????? B???????
nidx’ + n j  jBj????????
nidx’  n j  jBj   nidx’ < jV j3 :
??????









?????? O (jV j + jEj)???????Cabello? Jejcˇicˇ [17]???????????
???????????????? O





 jV j log jV j????
12???? 15????????????? jV j?????????????????
???????????????????? O (jV j)????
???????????????????????????? 23 jV j ????
O
 jV j log jV j?????????????????????????????? jS j? 0
?????????????4???????????????????? O
 jV j log jV j
????????? 4???????????????? O
 jV j log jV j???????
?? O
 jV j log jV j ?????? 5 ???????????????? O jV j2 log jV j ?
??????????????? O








 jV j log jV j????
? 6??????????????????????????????????????
??????
?????????????????  2 [0; )????????????  ????
????????????????????????????????????????
??????? Algorithm 2????
Algorithm 2???????4??? L???  ?????????????????
???????????????????????????? vi 2 V ????? 11? 2
?????????????????11???? 13???????? s[i]?a[i]?b[i]?
L??? i????? li ??? V ??? (S i; Ai; Bi)??????????????jS ij =











? 11 ?? vi ????? L???
Algorithm 2 ???????????3 ???5 ???? 8 ???34 ???????
? jV j ???????????5 ???? 8 ???? jLj = 2  jV j ??????10 ??
?? 14???16???? 24???????? 2  jV j???????????26??
?? 33??? 2  jV j   1??????????????9?????????????
O
 jV j log jV j?????????????????? O  jV j log jV j????
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Algorithm 2?????????????
Input: ?????? G = (V; E)
Output: ???? V ??? (S ; A; B)
1: (S ; A; B)  (;; ;; ;)
2: ?? ? [0; )??????????????
3: G??????????  ?????
4: L  ;
5: for i = 1 to jV j do
6: L  L [ f y????? yi   0:5???????? g
7: L  L [ f y????? yi + 0:5 +  ???????? g (???? ??????????)
8: end for
9: L? y??????????????
????? L???? y??????????? l1; l2; : : : ; l2jV j ????
10: for i = 1 to 2  jV j do
11: s[i]  0
12: a[i]  0
13: b[i]  0
14: end for
15: a[1]  jV j
16: for li 2 L do
17: if li ????? v j ? y????? y j   0:5????????????? then
18: s[i]  s[i] + 1
19: a[i]  a[i]   1
20: else if li ????? v j ? y????? y j + 0:5 +  ????????????? then
21: s[i]  s[i]   1
22: a[i]  b[i] + 1
23: end if
24: end for
25: idx  2
26: for i = 2 to 2  jV j do
27: s[i]  s[i]+ s[i   1]
28: a[i]  a[i]+ a[i   1]
29: b[i]  b[i]+ b[i   1]
30: if a[i]  23 jV j?? b[i]  23 jV j?? s[i] < s[idx] then
31: idx  i
32: end if
33: end for
34: ?? lidx ??? V ??? (S ; A; B)????




???????????????????????????????? O(jV j2 log jV j)?
???? 6???????????????????????????????????
???
???????????????????????? Algorithm 3 ????5.1 ??




Input: ?????? G = (V; E)
Output: ???? V ??? (S ; A; B)
1: (S ; A; B)  (V; ;; ;)
2: for i = 1 to jV j do
3: for j = 1 to jV j do
4: if i , j then
5: ci ???? vi ??? 0.5??????
6: c j ???? v j ??? 0:5 +  ?????????? ???????????
7: L? ci ? c j ????????????
8: for l 2 L do
9: ?? l??????? V ??? (S 0; A0; B0)?????
10: if jA0j  23 jV j?? jB0j  23 jV j?? jS 0j < jS j then






17: return (S ; A; B)
19
Algorithm 3??????????????????? vi ? v j ???????????
4?????????????? ????????????????????????
Algorithm 3????????
1. ??? vi ??? 0.5?????? v j ??? 0.5???
2. ??? vi ??? 0:5 +  ?????? v j ??? 0.5???
3. ??? vi ??? 0.5?????? v j ??? 0:5 +  ???
4. ??? vi ??? 0:5 +  ?????? v j ??? 0:5 +  ???
?????????????????????2???????? 2????????
????????? 12? vi ? v j ??????????? 0:5? 0:5 +  ???????
???????9???? 12??????????????????????????
???????????????????????????????????






? 12 ?? vi ? v j ?????
???Algorithm 3 ???????????????????? 5 ???? 13 ???
jV j  (jV j   1)?????????7??? ci ? c j ?????????????????
????L????????????? ci ? c j ??????????? 4??????
????8???? 13???????????? 4????
9???? 12?????????????????? v 2 V ?????? l????







????? l ?????????????? V ??? (S 0; A0; B0) ?????????







?????? (simplex range search) [18]????????????????????
??????????????? O
 
log jV j ???????????????????
??????????????????? Algorithm 3??????? O







?? 5.1 Algorithm 3 ??? (S ; A; B) ????????????????? jS j ???
????????????????????????
?? ???????????????????????? 3.1 ??????????
???????????????????????????? l ??????? l ??
????? jV j ???? (S ; A; B) ????????A ? B ?????????? vi
?????????? vi ???? 1 +  ?????? vi ???????????????
 ? Algorithm 3??????????????????? ???????? A ? B
???????? l ???????????
?? l ? A ??? B ?????? l ? S  ????????? A ??? B ???
????????????????????????? A ??????????????
???????? lshift ????????????????????? A
 ???????
???? B ???????????????????????? 1 +  ???????
??? 13??????
???????? lshift ???????????????? P???????????
?? P????? 1???????????????????? lshift ????????
?????? (S ; A; B)???????
???? P ????? 2 ????????????? P ? 2 ?? p1; p2 ??????
??????? lshift ?????????????????? l

shift ??????????








? 13 (S ; A; B)??? l; lshift; l

rotation ???
?? lshift ??????? jV j ???? (S ; A; B) ?????? Algorithm 3 ?????
?????????????????
???P????? 1????????P???? p????p??????? lshift ?
??????????????? lshift ? S
 ?????????? A ??? B ????
????????????????????????????????????????
?????? lrotation ?????? l

rotation ???????????????? P????




? 5 ?? Algorithm 2 ???????????????? 6 ?? Algorithm 3 ???
???????????????????????????Algorithm 2???????
???????????????????????????????????????
??????? Algorithm 3???????????????????? Algorithm 1?










?OS Ubuntu14.04.3 LTS 64bit
???? 7.7GiB
?????? Intel R CoreTM i7-5600U CPU @2.60GHz  4
????? 976.0GB 
??????????????????? n ????????? SIZE ????n ?








Algorithm 2???????????????????????????? SIZE = 400?
n? 10,000?? 30,000? 50??????? 400?????????????????
??????????? Algorithm 2? 1, 2, 5, 10, 15, 20??????????????
????????????? 15?????????????????????????
?????????????????????????????

























Number of edges in a unit disk graph






























Number of edges in a unit disk graph




? 16 Algorithm 2? 20?????????????????????????????
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6.2 Algorithm 3?????
Algorithm 3???????????????????????????? SIZE = 100?
n? 600?? 1,400? 50??????? 17?????????????? 17????
????????????????????????????????????????
??????

















Number of edges in a unit disk graph




? 17 Algorithm 3????????????????
6.3 Algorithm 2? Algorithm 3???
Algorithm 2 ?????????????? Algorithm 3 ?????????? 6.2 ?
? Algorithm 3 ??????????????????Algorithm 2 ? n 2 f1; 5; 50; 100g
??????????????????????????????? 20???????
?? n times????????????????? Algorithm 3???? optimal value?
???????optimal value?? 17??????????? 18??????????
? n timesoptimal value ??????????????????????????????????
26
































































































































Number of edges in a unit disk graph
The size of separators relative to the number of edges in unit disk graphs
1 time / optimal value
5 times / optimal value
50 times / optimal value
100 times / optimal value
? 18 Algorithm 2? Algorithm 3???
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7 ??
????????????? G = (V; E) ????????????????????
??????????????????????????? 3????????????
????????? O
 jV j log jV j????????? Fox? Pach [12]????????







jV j2 log jV j

??????????????? 5.1?
















??? (S0) ?????? O(jV j) ????? [19] ????????????d ????
??? C ?????centerpoint??? p????p????????????????
?????????????????? 1d+1 jCj ??????????????????
centerpoint?????? 1????????????????? centerpoint?????
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??
??? 1 Algorithm2: line random separator
1 // Algorithm2:
2 // ???????????????????????????????
3 // ???? O(|V| log|V|)
4 #include <bits/stdc++.h>
5
6 using namespace std;
7
8 const double PI = acos( 1.0);
9 const double EPS = 1e 7;
10
11 // ?????
12 struct Point f
13 Point() fg
14 Point(double x, double y) : x(x), y(y) fg
15 double x, y;
16 g;
17 // ?????
18 struct Line : vector<Point> f






25 struct Circle : Point f
26 double r;




31 void Rotate(const double theta, Point &p)
32 f
33 double nx = p.x  cos(theta)   p.y  sin(theta);
34 double ny = p.x  sin(theta) + p.y  cos(theta);
35 p.x = nx;





41 int RandomSeparator(vector<Circle> c, Line &opt line,
42 vector<int> &s, vector<int> &a, vector<int> &b) f
43 random device rd;
44 mt19937 mt(rd());
45 uniform real distribution<double> random(0.0, PI);
46 const double theta = random(mt);
47 const int n = c.size();
48
49 // ??????theta????
50 double min x = 1e8, max x =  1e 8;
51 for (auto &cc : c) f
52 Rotate(theta, cc);
53 max x = max(max x, cc.x);




58 // idx+0:?-EPS, idx+1: ?, idx+2: ?, idx+3: ? +EPS
59 const int line n = 4  n;
60 vector<pair<double, int>> order(line n);
61
62 for (int i = 0; i < n; ++i) f
63 double y = c[i].y, r = c[i].r;
64 order[4  i] = make pair<double, int>(y   r   EPS, 4  i);
65 order[4  i + 1] = make pair<double, int>(y   r, 4  i + 1);
66 order[4  i + 2] = make pair<double, int>(y + r, 4  i + 2);






73 vector<int> sum s(line n, 0), sum a(line n, 0), sum b(line n, 0);
74 sum a[0] = n;
75
76 for (int i = 0; i < line n; ++i) f
77 int idx = order[i].second;
78 double y = order[i].first;
79









89 for (int i = 1; i < line n; ++i) f
90 sum s[i] += sum s[i   1];
91 sum a[i] += sum a[i   1];




96 const double up n = n  2.0 / 3.0;
97 int opt idx = 0;
98 int opt ns = n, opt na = 0, opt nb = 0;
99 for (int i = 0; i < line n; ++i)
100 if (sum a[i] <= up n && sum b[i] <= up n && sum s[i] < opt ns) f
101 opt idx = i;
102 opt ns = sum s[i];
103 opt na = sum a[i];








112 int idx s = 0, idx a = 0, idx b = 0;
113 const double opt y = order[opt idx].first;
114
115 for (int i = 0; i < n; ++i) f
116 if (opt y < c[i].y   c[i].r)
117 a[idx a++] = i;
118 else if (c[i].y + c[i].r < opt y)
119 b[idx b++] = i;
120 else




125 opt line[0].x = min x;
126 opt line[1].x = max x;
127 opt line[0].y = opt line[1].y = opt y;
128 Rotate( theta, opt line[0]);








137 ios::sync with stdio(false);
138
139 int n, m;
140
141 cin >> n >> m;
142 vector<Circle> c(n);
143 for (int i = 0; i < n; ++i)
144 cin >> c[i].x >> c[i].y >> c[i].r;
145
146 Line opt line;
147 vector<int> s, a, b;
148
149 cout << n << "\t" << m << "\t"









4 // ?????????? O(|V|^2 log |V|) ??
5 // ????????? O(|V|^3) ????
6 #include <bits/stdc++.h>
7
8 using namespace std;
9




14 const double EPS=1e 9;
15 const double INF=1e10;
16 const double PI =M PI;
17
18 struct Pointf




23 Point operator+(const Point &a, const Point &b)f
24 return Point(a.x + b.x, a.y + b.y);
25 g
26 Point operator (const Point &a, const Point &b)f
27 return Point(a.x   b.x, a.y   b.y);
28 g
29 Point operator(const Point &a, const double b)f
30 return Point(a.x  b, a.y  b);
31 g
32 Point operator/(const Point &a, const double b)f
33 return Point(a.x / b, a.y / b);
34 g
35 double cross(const Point &a, const Point &b)f
36 return a.x  b.y   a.y  b.x;
37 g
38 double dot(const Point &a, const Point &b)f
39 return a.x  b.x + a.y  b.y;
40 g
41 bool operator<(const Point &a, const Point &b)f
42 return make pair(a.x, a.y) < make pair(b.x, b.y);
43 g
44 double norm(const Point &a)f
45 return dot(a, a);
46 g
47 double abs(const Point &a)f
48 return sqrt(norm(a));
49 g
50 Point rotate90(const Point &a)f
51 return Point( a.y, a.x);
52 g
53 struct Line:vector<Point>f





59 struct Circle: Pointf
60 double r;
61 Circle(Point p = Point(0,0), double r=0):Point(p),r(r)fg
62 g;
63 vector<Point> tangentCP(const Circle &c, const Point &p)f
64 double x = norm(p   c);
65 double d = x   c.r  c.r;
66 if(d <  EPS) return vector<Point>();
67 d = max(d, 0.0);
68 Point q1 = (p   c)  (c.r  c.r / x);
69 Point q2 = rotate90((p   c)  ( c.r  sqrt(d) / x));
70 vector<Point> ret;
71 ret.push back(c + q1   q2);
72 ret.push back(c + q1 + q2);
73 return ret;
74 g
75 vector<Line> tangentCC(const Circle &a, const Circle &b)f
76 vector<Line> list;
77 if(abs(a.r   b.r) < EPS)f
78 Point dir = b   a;
79 dir = rotate90(dir  (a.r / abs(dir)));
80 list.push back(Line(a + dir, b + dir));
81 list.push back(Line(a   dir, b   dir));
82 g else f
83 Point p = (a  ( b.r)) + (b  a.r);
84 p = p  (1 / (a.r   b.r));
85 vector<Point> ps = tangentCP(a, p);
86 vector<Point> qs = tangentCP(b, p);
87 for (int i = 0; i < min(ps.size(), qs.size()); ++i)
88 list.push back(Line(ps[i],qs[i]));
89 g
90 Point p = (a  b.r) + (b  a.r);
91 p = p  (1 / (a.r + b.r));
92 vector<Point> ps = tangentCP(a, p);
93 vector<Point> qs = tangentCP(b, p);






100 double r = 5.0; // ????
101 int opt ns, opt na, opt nb;






108 opt ns = opt na = opt nb = n  n;
109 g
110
111 // // 0: ??????
112 // // 1: ?????
113 // // -1: ?????
114 int Intersection(const Point &p0, double a, double b, double c)
115 f
116 double left = (a  p0.x + b  p0.y + c)  (a  p0.x + b  p0.y + c);
117 double right = r  r  (a  a + b  b);
118
119 if (left <= right)
120 return 0;






127 void SeparatorSize(const Line &l)
128 f
129 int ns = 0, na = 0, nb = 0;
130 double a, b, c, d;
131
132 a = l[1].y   l[0].y;
133 b = l[0].x   l[1].x;
134 c = l[0].y  l[1].x   l[1].y  l[0].x;
135
136 for (int i = 0; i < n; ++i) f
137 int check = Intersection(cc[i], a, b, c);
138 if (check == 0)
139 ++ns;






146 if ((na <= 2.0  n / 3.0) && (nb <= 2.0  n / 3.0)) f
147 if (ns < opt ns) f
148 s = l;
149 opt ns = ns;
150 opt na = na;





156 bool IntersectionCC(const Circle &c1, const Circle &c2)
157 f
158 double d2 = (c1.x   c2.x)  (c1.x   c2.x) + (c1.y   c2.y)  (c1.y   c2.y);
159 double r2 = 4.0  r  r;
160







167 cout << setprecision(8) << setiosflags(ios::fixed);
168
169 // Input
170 cin >> n >> m;
171 cc.resize(2  n);
172 for (int i = 0; i < n; ++i) f
173 cin >> cc[i].x >> cc[i].y >> cc[i].r;
174 r = cc[i].r;
175 cc[n + i].x = cc[i].x;
176 cc[n + i].y = cc[i].y;






183 for (int i = 0; i < 2  n; ++i)
184 for (int j = i + 1; j < 2  n; ++j) f
185 if (i + n == j)
186 continue;
187 auto lines = tangentCC(cc[i], cc[j]);
188 for (auto l : lines) f
189 // ???? [0,100]x[0,100]????????????
???????
190 double x1 = 5  (l[1].x   l[0].x) + l[0].x;
191 double y1 = 5  (l[1].y   l[0].y) + l[0].y;
192 double x2 =  5  (l[1].x   l[0].x) + l[0].x;
193 double y2 =  5  (l[1].y   l[0].y) + l[0].y;





199 cout << n << '\t' << m << '\t' << opt ns << endl;
200
201 return 0;
202 g
35
